Background: Not only symptoms but electrocardiographic (ECG) changes mimicking acute coronary syndrome as well have been known to develop in acute aortic dissection (AAD). However, detailed information is lacking. Objective: We sought to evaluate incidence, patterns, and underlying mechanisms for acute ECG changes in type A AAD. Methods: Retrospective study in a single tertiary care hospital. A total of 159 cases (mean age 65.1 ± 14.8 years, male/female = 67/92) that presented within 12 h from the onset were included. Shift of the ST segment 0.1 mV or changes of the T wave were considered acute ECG changes. Results: Acute and chronic ECG changes were observed in 49.7% and 36.5% cases, respectively. ECG was normal only in 27.0% cases. ST elevation was observed in 8.2% cases and was closely related to direct coronary involvement. ST depression and T wave changes were observed in 34.0% and 21.4% cases, respectively. Cases with ST depression or T wave changes had higher incidence of shock (65.2% vs. 28.8%, p < 0.001) and cardiac tamponade (51.2% vs. 15.0%, p < 0.001) compared with those without changes. * Corresponding author. Tel.: +81 98 973 4111; fax: +81 98 974 5165. E-mail address: kheart911@yahoo.co.jp (K. Hirata). 
Introduction
Acute aortic dissection (AAD) is a life-threatening emergency which requires quick and accurate diagnosis [1, 2] . However, correct diagnosis of AAD could be difficult in some instances because of the wide variety of clinical presentations [3] . Despite recent advances in diagnostic technology, patients with AAD could be misdiagnosed as having acute coronary syndrome (ACS), gastrointestinal diseases, cerebrovascular accidents, and so forth. The most important differential diagnosis is ACS. In addition to the similarity in symptoms, patients with AAD are known to develop acute electrocardiographic (ECG) changes that are hardly distinguishable from those of ACS [4, 5] . Unfortunately, the incidence, characteristics, and contributing factors for ECG changes in patients with AAD have never been well defined. We evaluated and summarized acute ECG changes in 159 patients with type A AAD.
Patients and methods
From 1982 to 2005, 305 patients with AAD were taken to the emergency department in our hospital within 12 h of the onset of the illness. AAD in the present study was defined as either classical aortic dissection or intramural hematoma, and diagnosis was made with a computed tomography (CT), a transthoracic or a transesophageal echocardiography (TTE, TEE), an aortography or an autopsy. Detailed history, initial vital signs, initial ECG, and other laboratory data were retrospectively reviewed. Extensive effort was undertaken to collect previous ECG from the past medical records (including those in other hospitals and annual health check up for comparison). Twenty-five patients were excluded because of incomplete data. Among 280 patients in whom reference ECG was available, 159 patients had type A AAD and 121 had type B AAD according to the Stanford classification [1] . Analysis of ECG changes in 159 patients with acute type A AAD was performed in the present study. Acute ECG changes were defined as a new shift in ST segment 0.1 mV or a change in the polarity or the morphology of the T wave (inversion of the previously normal T wave or vice versa), compared with previous ECGs. If ST segment elevation and depression coexisted, it was classified as ST elevation. Preexisting changes, such as left ventricular hypertrophy (defined as Sokolow or modified Sokolow criteria; SV1 + RV5 35 mm or SV2 + RV6 35 mm), bundle branch block, and abnormal Q wave were considered as chronic changes. Chronic ST elevation in leads V1 and V2, seen in patients with marked left ventricular hypertrophy with strain pattern, was considered as the mirror image of the strain pattern and was not considered as an acute change. Coronary malperfusion was defined based on direct visualization by a cardiac surgeon at the time of surgery or an ECG finding of segmental ST elevation consistent with the distribution of the coronary artery.
Data are shown as frequencies and percentages, and mean ± SD. Univariate comparison was performed with chisquare analysis for categorical data and Student t test for continuous variables. Multivariate analysis was performed using logistic regression analysis with acute ECG change as a dependent variable. Those variables with borderline statistical significance (p < 0.25) with univariate analysis were selected as independent variables. All statistics were performed using Dr. SPSS II for Windows version 11.01J (SPSS Inc, Chicago, IL, USA). A p-value <0.05 was considered significant.
The study protocol was approved by our human research committee. Table 1 summarizes the clinical characteristics and Table 2 lists the frequency of complications in 159 patients with type A AAD. One hundred and twelve patients had classical dissection while 47 patients had intramural hematoma. The most frequent underlying cardiovascular condition was hypertension followed by hyperlipidemia and diabetes mellitus. The incidence of documented previous episodes of ischemic heart disease was small in the present study. Although the most common presenting symptom was severe chest or back pain, some patients did not complain of pain and altered consciousness as sudden collapse was the main initial presenting symptom in one third of the patients. Initial systolic blood pressure was not high and the incidence of shock (initial systolic blood pressure <90 mm Hg) was as high as 45.9%. This reflected the high incidence of cardiac tamponade which was seen in as many as 32.1% cases. The second most common complication was malperfusion of the peripheral arteries, followed by aortic regurgitation. Coronary malperfusion was observed in 15 patients. Table 3 summarizes ECG changes. Acute and chronic ECG changes were common (in 49.7% and 36.5% cases, respectively) while ECG was considered normal in only 27.0% cases. Some patients had both acute and chronic changes (13.2%). ST elevation was seen in 13 patients (8.2%). The location of ST elevation was inferior leads (II, III, and aVF) in 7 patients, aVL and aVR in 2 patients, anterolateral leads (V1-V6, I aVL) in 2 and all the leads in 2. ST depression and T wave changes were observed in 34% and 21.4% cases, respectively. A high grade AV block associated with ST elevation in the inferior leads was seen in 3 patients. Sinus bradycardia was observed in 11.3% cases. The most common chronic ECG abnormality was left ventricular hypertrophy followed by intraventricular conduction abnormality, atrial fibrillation, and Q waves. Representative ECGs are shown in Figs. 1 and 2.
Results
Surgery for AAD was performed in 119 patients (74.8%, 59/79 in those with acute ECG changes and 60/80 in those without acute ECG changes, Table 2 ). Coronary artery bypass grafting (CABG) was performed in 7 patients and repair of the involved coronary artery was performed in 1 patient (8/119, 6.7%). Among 13 patients with ST elevation, 11 patients underwent surgical treatment, whereas 2 patients died before surgery. Among 11 patients who had surgery, cardiac surgeons confirmed the involvement of the coronary arteries that could explain ECG changes in 10 patients (a retrograde extension of the dissection into a coronary arterial wall in 3, disruption of the coronary artery in 2, and obstruction due to bulging of the false lumen in 5), while coronary involvement could not be identified in 1 patient. Five patients with either disruption of the coronary artery or retrograde extension of the dissection required CABG (4 patients) or a repair of the involved coronary artery (one patient). CABG was not performed on those patients with obstruction of the coronary orifice due to bulging of the false lumen. Although the number was small, 3 patients (3/66 = 4.5%) with ST depression were found to have coronary involvement at the time of surgery and required CABG. The degree of ST depression in these 3 patients was only 0.1 mV at initial presentation. So, the total number of patients with acute coronary malperfusion was 15 (9.4%, 12 with ST elevation and 3 with ST depression, among them 4 cases with ST elevation and 3 cases with ST depression required CABG, one with ST elevation had repair, Table 2 ). Factors associated with acute ECG changes in patients with type A AAD are listed in Tables 4 and 5 . Patients with acute ECG changes (both ST elevation and depression/T wave changes) had higher incidence of shock and cardiac tamponade than those without acute ECG changes. The absence of chronic ECG changes seemed to be associated with acute ECG changes in the univariate analysis but lost statistical significance in the multivariate analysis. By multivariate analysis, cardiac tamponade and shock were significantly associated with acute ECG changes. The same results were obtained after 13 patients with ST elevation were excluded and the analysis was repeated between those with ST depression or T wave changes versus those without acute ECG changes (Table 5) .
Distribution of the type of AAD (classical dissection versus intramural hematoma) and Q wave was similar in those with acute ECG changes versus those without.
In the present study, two patients received intravenous thrombolysis for a mistaken diagnosis of acute myocardial infarction. One of the two patients had ST depression M, male; HTN, hypertension; IHD, ischemic heart disease by history; Q, Q waves; HL, hyperlipidemia; DM, diabetes mellitus; CHF, chronic heart failure; AR, aortic valvular regurgitation; CD, classical dissection; Tampo, cardiac tamponade; Chronic, chronic electrocardiographic change; SBP, systolic blood pressure; HR, heart rate; PRP, pressure-rate product (systolic blood pressure times heart rate); OR, odds ratio; CI, 95% confidence interval. and the other had chronic ECG abnormalities (right bundle branch block and left axis deviation) without acute ST-T changes. Both developed cardiac tamponade. The former patient died of shock due to tamponade, but the latter patient was successfully treated with ascending aortic replacement surgery.
Discussion

Incidence of ECG abnormalities
The present study demonstrated a high incidence of acute ECG changes in patients with type A AAD who presented to the emergency room within 12 h of the onset of the symptoms. Almost one half of type A patients developed acute ECG changes. The incidence of chronic abnormalities such as left ventricular hypertrophy was also high. Only 27% showed a normal ECG. These observations were consistent with those of Hagan et al. [2] in the international registry of acute aortic dissection. Because of the similarity in symptoms and ECG changes, these patients had an increased risk of receiving unnecessary or potentially harmful treatments such as thrombolysis, anticoagulation, antiplatelets, or emergency catheter intervention, if they were erroneously diagnosed as having ACS. The incidence of AAD erroneously treated with thrombolysis was 0.33% (9 of 2750) in the European Myocardial Infarction Project and 0.3% (8 of 2516) in the Anglo-Scandinavian Study of Early Thrombolysis trial [6, 7] . Actually, two patients (1.3%) in the present study received such an inappropriate treatment and one patient developed fatal cardiac tamponade. Similar cases have been reported by Kamp, Blankenship and Erikson [8] [9] [10] . Thrombolysis might prevent clot formation in the false lumen and might potentiate the risk of rupture of the aortic wall because of the absence of the protective effect of the thrombus in the false lumen [11] . Early and accurate recognition of AAD appeared to be essential for better survival [12] .
Factors associated with acute ECG changes
The present study demonstrated that the most important underlying cause of acute ST change was acute malperfusion of the coronary artery, as shown in previous studies [2] . Several mechanisms have been proposed as the possible cause of acute malperfusion of the coronary arteries in type A AAD by Cambria and Neri [13, 14] . Bulging of the dissected false lumen producing occlusion of the coronary orifice, a retrograde extension of the dissection into a coronary arterial wall resulting in obstruction, and the disruption or detachment of the coronary artery from the aortic root were three major causes of coronary malperfusion. In addition, Shapira et al. and Ashida et al. reported cases with functional or dynamic obstruction of the coronary orifice by flail intimal flap without involvement of the coronary artery itself [15, 16] . Wooley et al. reported a rare case with type A dissection that happened to develop myocardial infarction at the same time [4] . In the present study, among 11 patients who had ST elevation and had surgical treatment (2 died before surgery), cardiac surgeons confirmed the involvement of the right coronary artery in 5 and the left main trunk in 5. All 5 patients with involvement of the right coronary artery showed ST elevation in II, III, and aVF (Fig. 1 ). Two patients with the involvement of the left main trunk showed ST elevation in aVL and aVR and diffuse severe ST depression in other leads (Fig. 2) . This ECG pattern has been reported to be characteristic of the acute occlusion of the left main trunk [17] [18] [19] . These observations appear important because obstruction of the left main trunk might not cause typical ST elevation. Two patients had ST elevation in both anterior and high lateral leads, which was also considered to be a characteristic change for left main trunk involvement [17] . CABG or repair of the involved coronary artery was necessary if the disruption or the retrograde extension of dissection was the underlying mechanism for coronary malperfusion, while decompression of the false lumen might be sufficient in cases of obstruction of the coronary orifice by bulging of the false lumen. Acute ECG change was popular in those without obvious coronary involvement and malperfusion. As shown in Table 4 , those individuals with any acute ST-T changes (elevation or depression of ST or T wave change) had lower initial blood pressure and higher incidence of shock and tamponade. Repeating the analysis after excluding the 13 patients with ST elevation gave the same results. Especially, cardiac tamponade was the strongest predicting factor. This can probably be attributed to subendocardial ischemia caused by elevated ventricular end-diastolic pressure and hypotension. Pericardial effusion itself may cause ST-T changes due to irritation or inflammation. We previously reported that ST depression caused by tamponade was reversible after pericardiocentesis [5] . These observations appear to be important, because ST depression can be observed in some patients without direct involvement of the coronary arteries.
Contribution of preexisting chronic coronary arterial disease
In the present study, the incidence of documented chronic coronary heart disease and chronic Q waves was relatively small and was not statistically different between those with acute ECG changes and those without. Theoretically, if a patient has preexisting narrowing of a coronary artery, that patient may tend to develop acute ECG changes more easily in the case of a stressful condition such as shock or tamponade.
The actual incidence of chronic coronary artery disease, its contribution to acute ECG changes, and influence of concomitant CABG at the time of aortic surgery in patients with type A AAD have not been well defined. In the international registry of AAD, Hagan et al. reported that among 464 patients, 4.3% had previous history of CABG and 7.7% had evidence of old myocardial infarction [2] . Creswell et al. performed preoperative coronary arteriography in selected patients and found that 34.8% (8 out of 23) had one or more coronary artery lesions with greater than 50% narrowing [20] . They recommended preoperative coronary angiography in patients with type A AAD if the condition of the patient was stable. On the contrary, coronary angiography did not have any impact on mortality and did not affect the incidence of CABG surgery in the studies by Penn and Motallebzaden [21, 22] . Currently, routine preoperative coronary angiography is not recommended [23] . Multidetector computed tomography (MDCT) is a possible promising alternative to coronary angiography for evaluation of the coronary artery. Limkakeng et al. suggested that MDCT can be very useful for evaluation of patients with chest pain in the emergency room [24] . A ''triple scan'' including evaluation for pulmonary embolism, AAD, and ACS can be incorporated into a single study. So far, we are not aware of any literature which dealt with MDCT evaluation for coronary artery disease in patients with AAD. In a single case report, Yoshikai et al. reported a case of type A AAD with coronary artery disease in whom preoperative evaluation with 64-slice MDCT led to successful simultaneous surgery including total arch replacement and CABG [25] . MDCT can be more useful if rapidly advancing technology (ECG gating, dual sources, 256 or 320-slice MDCT, or development of newer detector) can overcome current shortcomings such as radiation exposure and difficulty in obtaining a good image in cases with dysrhythmia, rapid heart rate, and coronary calcification.
Limitations
The present study was a retrospective study in a single institution and was subject to selection bias. Those who died before they reached the hospital were not included. So, the relative contribution of acute coronary involvement might have been underestimated. Also, the relative contribution of chronic coronary heart disease might have been underestimated, because our study was not based on a coronary angiography or a MDCT.
Conclusion
In conclusion, acute ECG abnormalities are common in patients with type A AAD during the first 12 h. Before performing thrombolysis or percutaneous interventions, physicians should consider the possibility of type A AAD not only in cases of chest pain without ECG changes but also in cases of chest pain with ECG changes. High level of clinical suspicion for AAD is very important especially if there is a clinical finding suggestive of AAD such as abrupt onset of pain, sudden collapse, aortic regurgitation, pulse deficit, etc. Because ECG changes in type A AAD are closely associated with cardiac tamponade and direct coronary involvement, the presence of pericardial effusion and intimal flap in the ascending aorta should be evaluated with quick bedside TTE.
